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In selecting satisfactory materials for use in the manufacture of glass
fiber reinforced plastic fan blades the following points were considered:

. Paragrach
Short time tensile strength v
Long time or creep rupture tensile strength-— vl
Short time flexural strength VII
Long time or creep rupture flexural strength VIII
Effect of internal heating due to alternating stresses on strength-—IX
Effect of notches on strength X
Effect of molding pressure and resin content on strength———— XTI
Effect on strength of defects (wrinkles) X11
Effect of sewing glass cloth on strength IOIl
Interlaminar shear strength XIv
Creep properties v
Cost of materials XVl
Effect of a freon 12 atmosphere on blade materials Wil
Axial fatigue and damping capacity XVIIT

Summary of results Iix
Test Temperatures o - -

In all considerations where it appeared that temperature affected
the strength of the materials, tests were run at approximately the
operating temperature of the 8-foot transonic tunnel fan blades (240° F.).
The results should give conservative design values for other tunnels for
which plastic fan blades are being considered and operating at lower
temperatures.

Materials

{a) Resins )

Three types of resins were considered; phenolic, epoxy, and polyester.
Bakelite BV-17085 phenolic resin was considered because it was recommended
by the manufacturer for this application. Shell Chemical Corperation's
Epon 828 epoxy resin with a "Z" (metaphenalene diamine) hardener was con-
sidered since it was recommended by Mr. J. Carey of Shell's Union Technieal
Service Laboratory for use for fan blades at temperatures up to 250° ¥,
Also, Fpon 828 with Chemical Process Company's RP-7 (metaphenalene diamine)
hardener was considered because of its heat resistance and low viscosity.
Both the unsaturated polyester-styrene and Triallyl cyanurate monomer
polyester resins were considered. The Triallyl cyanurate monomer resins
such as Naugatuck Chemical Company's Vibrin 135 were considered because
of their very high heat resistance but were discarded for fan blade use
because they were exceptionally hard and brittle. The unsaturated
polyester-styrene resins were considered because of LAL's extensive past
experience in model construction with this type material. After prelim-
inary tensile tests, Rohm and Hass Company's Paraplex P-L9 was selected
as a satisfactory material from this group on which to continue testis.
Also, some tests were made using an epoxy resin #1002 with both 181 cloth
and Scotch Ply monofiliments. ‘
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The phenolic (BV-17085) is suitable for dry lay-up. The Epoxy {Epon
828-"Z") and (Epon B828-"RP-7") is suitable for both dry and wet layeup
and the Polyester (P-L9) is suitable for wet lay-up only. The #1002 resin
is suitable for dry lay-up only.

(b) Glass cloth

Two types of cloth were considered; 181 (.0085") and 158} £.023%).
Both are 8 harness satin weaves {7 over and 1 under) and have very similar
strengths in both the warp and fill directions. 411 test samples were
made with the warp of the cloth parallel to the long dimension. Three
types of cloth finishes were considered; Linde Y-1100, Volan A, and Garan.
The Linde Y-1100 was selected for laminating with phenolic resins because
of the increased strength properties with the finish. Volan A was selected
for laminating with the Epoxy and Polyester resins on the recommendations
of Shell Chemical and LAL's previous experience with Polyester laminates.

Preparation of Test Specimens

Al)l specimens were prepared and cured in approximately the same manner
as would be used in the construction of a fan blade. Specimens are shown
b}" Fig‘ lﬁ, IB, 1C’ and 1D.

(a) Phenolic (BV-17085)
. Fabrie -~ lS&-lt-{Mnda'Y«-ll@@-'fiﬁish)" e e
Number plies ~ 3 parallel laminated
Resin formulation - 100 parts BV-17085 resin
1-1/2 parts Hexa hardener
Laminating pressure - 90 to 100 psi
Temperature OF, - 325°
Time in press (minutes) - 50 @ 3260 ¥,
Postcure cycle - 20 hours @ 3250 F,
Cool in mold

(b) Epoxy (Epon 828-"Z") and (Fpon 828-"RP-7")
Fabric - 181 (Volan A finish)
Number plies - 7 parallel laminated
Resin formulation -~ 100 parts ¥pon 828
20 parts "Z" hardener or 17 parts "RP-7' hardener
Laminating pressure - pressed to .011"/layer
Temperature 9F, - 1250
Time in press - 16 hours
Postcure cycle - 1509 F. 1/2 hr.

200 1/2 hr.
250 1/2 hr.
300 1/2 hr. (Some samples with "RP-7" hardener

were postewred up to LOOO F.)
Cool in oven

(c) Polyester (P-49)
Fabric - 181 {(Volan A4 finish)
Number plies - 7 plies parallel laminated
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Resin formulation - 100 parts P-L9 (unsaturated Polyester)
10 parts styrene
1/2 parts Luperco A.T.C. paste (50% Benzoyl
peroxide and 50% tricresyl phosvhate)
1/l parts accelerator "D" (Celanese Corporation)
‘Laminating pressure - pressed to .011"/layer
Temperature OF. - 1250 ' .
Time in press - 16 hrs.
Postcure cycle -~ 150° F. for 1/2 hr.
200 1/2 ar.
Cool in oven

Short Time Tensile Strength

The specimens were mounted in the tensile machine and held for 30
minutes at temperature and then pulled at a rate of 15,000 psi per minute.
A few additlional specimens were tested after holding at temperature for
five minutes instead of 30 minutes and no appreciable difference in
strength resulted. Also, one specimen of each type was tested after
holding at temperature for 100 hours. This resulted in a slight increase
in strength probably due to more complete curing. Ab 2L0° F. the Epoxy
(Bpon 828-"2") had a tensile strength of 45,250 psi; the 828 "RP=7" had
strength of 37,000 psi; and the Polyester (P-L9) had a tensile strength of
43,500 psi. A summary of the results is shown in Fig. 2&. A series of
tensile tests were made on Epoxy #1002 resin and scotch ply at room temp-
erature and the results are ghown by Fig. Z2B.

Iong Time or Creep Rupture Tensile Strength

Since tunnel fan blades sre required to operate at termperatures wp
to 250° F. for many hours an investigation to determine the maximum stress
which could be carried for 1000 hours was indertaken. Tensile specimens
were placed in a heating box, weights were applied through a 10 to 1 lever
system to load the specimens to the required stress and the specimen brought
to 250° F. by heaters inside the box.

The results showed that over a 1000 hour period, the vhenolic, epoxy,
and polyester laminates will maintain from 55 to 77% of their short-time
tensile strength. @

The epoxy laminate (828-"Z%) was tested at 76% (35,000 psi) and 6%
(30,000 psi) of short time strength and in both cases failed in less than
one hour. However, at 55¢ (25,000 psi) the specimen maintained stress
without failure for 1000 hours. The (828-"RP-7%") laminate was tested at
90% (35,000 psi) and failed in less than one hour. However at 77% (30,000
psi) the specimen maintained stress without failure for 1000 hours. The
polyester laminate maintained stress without failure at 69% (30,000 psi}
for 300 hours and both the phenolic and polyester laminates maintained
stress without failure for 1000 hours at 25,000 psi or 67% and 57% of their
respective short time strengths. The epoxy #1002 resin with scotch ply

i
i
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modified isotropic maintained 62% {35,000 psi) for 1000 hours without
failure.

Too few tests were made to determine the exact percentage of short-
time strength which can be maintained over 1000 hours but a figure of
60% would appear to be reasonable for design computations.

L

Short Time Flexural Strength

The specimens were mounted in the flexural machine and held for
15 minutes at 2500 F. and stressed approximately at a rate of 3000 psi
per minute. At 250° F. the Epoxy resin (Epen 828-"Z") had an average flexural
strength of LO,7LO psi; the Fpon B28-"RP~7" had a flexural strenpth of
12,100 when post-cured to 300° F. and a flexural strength of 47,100 when
post-cured to LOO® F., the polyester resin (P-L9) had an average flexural
strength of 35,100 psi; the Phenolic Resin (BV-17085) with 1S8L cloth had
an average flexural strength of L2,600 psi; the BV~17085 with 181 ecloth
had an average flexural strength of L},500 psi and the scotch ply #lon2
modified isotropic had a flexural strength of 59,800 psi. Stress-strain
and flexural modulus curves are shown by Fig. 3A. The epoxy resin (Foon
828-7z") was tested when laminated with a 10% ether solvent and the flexural
strength at 250° F. did not exceed 15,000 psi. It was concluded that no
solvent should be used for Epoxy larinates to be used at elevated temp~
eratures. Fhenolic spe¢imens failed in tension, polyester failed in
corpression and epoxies failed with a square break at ultimate flexural
strength. (This is probably due to the high adhesion strength of the
epoxies which prevents delamination at failure.) BResults of flexural
tests on #1002 scotch ply are shown by Fig. 3B.

Long Time or Creep Rupture Flexural Strength

Flexural specimens were mounted as two support simple beams loaded

by a knife-edge at the center of the span. Specimens were brought to

250° F. and the load applied to bring the specimen to stress. The results
showed that over a 1000 hour period at approximately 2500 F., the Epoxy
(Epon 828-"RP-77) laminates will maintain approximately 83% (35,000 psi)
of their short time flexural strength; the Phenolic (BV=17085) laminates
wlll maintain approximately 70% (30,000 psi) of their short time flexural
strength; and the Polyester (P-1i9) laminates will maintain approximately
51% (18,000 psi) of their short time flexural strength without failures.

Epoxy specimens were tested at 10,000, 35,000, and 30,000 psi. The
specimen at 10,000 psi failed in L3 hours. The others maintzined load
for 1000 hours without failure.

Phenolic specimens were tested at 35,000, 30,000, 25,000, and 20,000
psi. The specimen at 35,000 psi broke in less than 1/2 hour. The others
maintained load for 1000 hours without failure.

Polyester specimens were tested at 30,000, 25,000, 20,000, 19,000,
18,000, 17,500, and 17,000 psi. The specimen at 30,000 psi broke in less
than 1/2 hour. The specimen at 25,000 psi broke in 150 hours. One svpecimen

at 20,000 psi maintained load without failure for 1700 hours; however, a

second specimen at 20,000 psi failed in 140 hours zand a third specimen
failed in 116 hours. The other specimens at 18,000 psi and under maintained
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load without failure for 1000 hours.
Effect of Internal Heating Due to Altemating Stresses on Strength

Alternating stresses at high frequencies of cycling tend to renerate
elevated temperatures in plastic laminate with a resultant decrease in
strengths The effects of this were observed and evaluated iri Forest
Products' Report #1823 titled "Fatigue Tests of Class Fabric Base Laminates
Subjected to Axial loading." The laminate used in these tests was made
with 181 cloth and a Polyester resin similar to Paraplex P-49. Results
showed that at 20,600 psi altemating stress there was 2 strength reduction
ratio of 1.1l between a cooled and an uncooled specimen. AY 9000 psi
alternating stress there was no difference in strength between a cooled
and an uncooled specimen. At 114,500 psi alternating stresg, a 100 rice
occurred in the test specimen. This caused a small increase in strencsth
which was attributed to the fact that the test was rm with 9R% humidity
and the heat generated dried the moisture from the specimen.

The tests recorded below were made by Langley's Instrument Research
Division on cantilever beams of fiber-glass reinforced with PFhenolic
(BV-17085), Epoxy (Epon 828-"Z"), and Polyester (P-L9)} and vibrated at
30 cps and at stress levels from 7,000 to 12,000 psi at the root. XNo

Material Time Frequency Stress - Temperature Rise

Phenolic (BV-17085) 20 min 25 cps 12,000 psi i° F,
Epoxy (Epon 828%z®) 20 min 30 cps 7,000 psi 1-1/2° 7,
Polyester (P-L49) 30 min 30 cps 10,000 psi 1-1/20 F,

An approximate temperatwre rise for wind tunnel fan blades due to
vibratory stresses can be calculated by making the following assumptions:

(a) A miform cantilever vibrating in the first mode at the
first resonance frequency.

(b) A linear variation of internal stress. \

(c) Mo heat loss to the surrounding medium.

(d) The entire cantilever is heated uniformly.

The temperature rise per unit time is:

T= z* £ L ‘]

where 782} LY E A

T = temperature rise, ©F/secc.

Z= characteristic root of cantilever in the first mode,
Zy = 1.87 for simple cantilever '
eritical damping ratio
length of cantilever, inches 4
moment of inertia, in. L '
young's modulus, ibs/sq.in.
density, slugs/cu.in.
cross sectiopnal area
stress at the root surface, 1bs/sq.in.
specific heat, BTU/1b/CF.
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Effect of Notches on Strength

Results obbtained from tests by Forest Products and summarized in
report #1839 dated June 1953, indicate that notched specimens will maintain
approximately 80% of the load in tension that an unnotched specimen will
maintain., This ratio applies to both long and short periods of time under
Joad. Tests were made with 1/2 inch wide specimens with a 1/B inch hole
at the center of the section. Calculations indicate that the stress at
the edge of the hole is about 3-1/2 times the average stress (Forest
Products Report #1510).

Compressive tests indicate that plastic laminates show little notch
gengitivity under compressive stresses.

Fatigue strength was lowered about 20% for the notched specimens listed
above as compared to unnotched specimens of the same size.

A series of tensile tests were made at Langley to determine the effect
of strength of the blade attachment notches in the butt of wind tunnel fan
blades. Three types of notches (square end, round end, and triangular end)
(see Fig. 1D) were tested in tension. Results showed no appreciable
difference in strength for notches with different shaped ends. The notch
specimens were from 72.:3% to 6% as strong as unnotched specimens.  Failure
in all cases occurred at any change in direction of the slot from a direction
parallel to the tensile load (and parallel to the cloth weave).

For design of wind tunnel fan blades, a figure of 70% of the short
time vltimate tensile strength would avpear reasonable to allow for the
notch effect of the blade attachment slots.

Test Results at 779 F.

Epoxy (Fpon B8287z") Specimens Polyester (P-49) Svecimens
Un-notched Specimens Un-notched Specimens
Specimen No. Ult. Tensile Stress Specimen No. Ult. Tensile Stress
(PSI) (PSI)
Al 119,200 Al Lk, 200
A2 - 18,000 A2 113,000
Average = L8,600 . Average = 13,600
Square End Notch ‘ Square End Notch
Bl 37,L00 Bl 29,000
B2 35,700 B2 32,500
B3 35,700 B3 32,500
Average = 36,266 Average = 31,333

§ of un-notched strength = Th.6 ¢ of un-notched strength = 71.8

1



Round End Noteh Round End Notch

Cl 37,000 Ci 31,900

c2 3L,500 c2 31,600

c3 35,200 ¢3 32,500
Average = 35,566 Averagse = 32,000
£ of un-notched strength = 73.3 % of un-notched strength = 73.4

Triangular End Notch Trianpular End Notch

)1 37,000 D1 28,800

D2 37,000 D2 36,000

D3 36,700 D3 29,700
Average = 36,900 Average = 31,500

¢ of un-notched strength

76 £ of un-notched strength = 72.3
II. Effect of Molding Pressure and Resin Content on Strength

Results of a series of tests on effect of molding pressure and resin
content on strength were reported in National Bureau of Standards Report
#1085 dated June 1955. The tests were made using a polyester resin similar
to Paraplex P-L9 reinforced with 181 glass cloth.

function of resin content. In other words, two laminates with the same
resin content will have similar physical properties no matter what pressure
was used in molding or what type mold is used. Also molding pressure has
no spprecliable affect on flexural, tensile, or compressive properties or
resin content or voids content of panels fabricated in a closed mold.
Laminates fabricated in an open mold show an increase in flexural and
tensile properties as wolding pressure is increased up to 10 psi but shows
no appreciable increase above this pressure. The compressive strength
decreases with increased molding pressure. The strength properties of
both open and closed mold panels are similar for similar resin contents.

The open mold did not restrain the resin at the edges of the laminate
from flowing outward under pressure; whereas, the closed mold restrained
resin flow at the edges of the laminate. The resin content of closed mold
panels did not vary appreciably with increase in pressure; but the free-
edge or open mold panels decreased in resin content with an increase in
molding pressure. Results are as follows:

i

Mold Resin Average Voids Flexural Tensile Ultimate Compress.
Press Content Thickness Content Ultimate Ultimate Tens. lLoad Ultimate
(psi) (%) Per Layer (%) (psi) (psi) per Layer (psi)
of 181 Cloth of Cloth
: {pounds)
Open Mold
‘P'I“"‘II. 1.9 +0118 5 £8,L00 41,900 k95 13,400
10 28.4 . 0086 .6 68,000 54,600 Li70 35,400

100 2h.5 .008 , 1.2 66,100 58,000 L6l 3k, 700
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Closed Mold
“10  38.8 .011 oL 65,600 16,200 497 Lk, 500
100 39.4 L0112 o7 65,100 15,100 . 505 39,500
500 39.1 011 ol 65,900 145,500 500  Lh,300

From the above table, it is observed that the tensile load per layer of

cloth is relatively independent of resin content, except below 30% resin
content there is a reduction in strength because the adhesion between

layers of glass is insufficient to develop the full strength of the laminate.

Optimum resin content for wind tunnel fan blades appears to be from
3% to 384,

Resin content can be calculated from the thickness of a laminate as
follows:

Weight Resin « 7 Resin content by weight
Weight Glass Cloth 4 Weight hesin

fvT - VG\ (S.C-.) (.0361#/cu.in) = % Resin content by weight
Vp = Volume of laminate per sq.yd. per layer fabric = (t) (1296) z cu.in.
8G.vde

t o Total thickness of laminate
Number of layers of cloth

S.Cs = Specific gravity of resin

Wg = Weight of glass per layer (#/sq.yd.)

i

Vg = Volume of glass cloth per sq.yd. per layer cu.in.

8. yde

Vg = (10.473)(Wg) cu.in.
5Q.yd.

Calculated resin content for laminates with 181, 143, and 1584 cloth is
shown in Fig. L. '

Effect of resin content on tensile ultimate load is shown in Fig. 5.
This curve is plotted from data from Forest Products Report #1281l and
represents the averages of 8 specimens at each resin content. Specimens
were Polyester resin reinforced with 181 cloth. The optimum resin content
for laminates in tension appears to be 38%.

Since no volatiles are given off in molding the Epoxy resins,pressures
above 10 psi will satisfactorily produce void free laminates of high strength
and the same strength trends as showm above for the Polyester resins will
aprly to the Epoxy resins.

For molding with Phenolic Resins, since the impregnated cloth contains
a small ampunt of residual solvents and also since water of condensation is
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given off during curing, it is difficult to produce void free parts of
high physical properties without high pressures. Therefore, hirher
pressures {90 to 100 psi) are recommended when using Phenolic {BV=-17085)
resins in wind tunnel fan blades than when using Polyester or Epoxy resins.

Effect on Strength of Defects (Wrinkles)

Tests reported by Forest. Products Report #181L dated June 1950 on
effect of wrinkles in Polyester laminates reinforced with 181 glasg cloth
show a definite reduction in both tensile and compressive strength in
laminates with wrinkles.

Panels were fabricated with wrinkles of two different depths (.015
and »030 inches), Wires, 015 and .030 inches in diameter, were layed
inside the mold surface to produce a 12% and a 23¢ deep wrinkle in one
surface of the laminate perpendicular to the direction of load.

Specimens with 12% deep wrinkles were 79% as strong in tension and
987 as strong in compression as unwrinkled specimens. OSpecimens with 23%
deep wrinkles were 707 as strong in tension and 74% as strong in compression
as uwnvwrinkled specimens.

No tests of long time creep rupture effects on wrinkles specimens

‘Were made, but comparing a wrinkle to a notch it can be concluded that the

percentare reduction in strength based on short time tests will also apply
to the long time ereep rupture strength. In other words, P-L9, 828-wzn,
828-"EP-7", and BV-17085 laminates with a 237 deep wrinkle could be expected
to maintain (.70) (25,000) = 17,500 psi in tension for 1000 hours at

250° P, without failure.

Effect of Sewing (lass - Cloth on Strength

Specimens were fabricated from 7 layers of 181 glass cloth and P-L9
resin., The 7 layers of cloth were machine sewn with a 1/8 inch length of
stitch before saturating with resin, using #50 thread and a #1l needle.

Four specimens were not sewn and were used as control spacimens, four were
sewn crosswise (perpendicular to the direction of load) with seams spaced

1/L inch on centers, and four were lengthwise sewn parallel to load.

Average tensile strengths are as follows: control - 49,000 psi; cross sewn -
16,000 psi; lengthwise sewn - 49,000 psi.

It was concluded from these tests that pre-sewing of the cloth before
laminating has no appreciable affect on the tensile strength. All tests
vere run at room temperature by NACA Structures Laboratory.

Interlaminar Shear Strength

The results reported from the shear strength of Polyester laminates
and Epoxy laminates along a plane parallel to the layers of cloth by
ANC-17, irdicates that the Epoxy laminates have higher shear strength
(6,800 psi) than the Polyester laminates (1,800 psi).

.
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Tests made at Langley at room temperature (uvsing samples as shown by
Fig. 1C) showed average interlaminer shear strengths as follows:

Polyester (P-L9) - 2340 psi (181 cloth, Volan A finish)

Epoxy (Fpon 828-":") - 2750 psi (181 cloth, Volan A finish)

Phenolic (BV-17085) - 2350 psi (181 cloth, Linde "I" 1100 finish)

These values are considerably leas than those given by ANC-17. Since
these specimens were pulled in tension, notch sensitivity probably caused
some reduction in apparent strength. Any future tests for interlaminar
shear should be made in compression thus minimizing the notch effect.
However, previous tests on P-lj9 made in compression gave an interlardinar
shear strength of 24,00 psi which is in good agreement with the present
test results. Therefore, it appears that no higher values than those listed
should be used for design.

The peel strength of laminates made with Epon 828~z and 828-"RP.7T
is much superior to P-L9 and BV-17085. Epon 826-"2" and 828-"RP.7" lami-
nates are practically impossible to peel; whereas, both P-li9 and BV-17085
laminates veel readily and have approximately equal peel strengths.

Flexural Creep.Proparties

Creep deflections were measured over a 1000 hour period by the use
of dial gages on the creep rupture flexural specimens described in para-
graph VIII. Calculations for an Apparent Flexural Modulus of Elasticity
were made from these deflection readings for each specimen tested. The
creep or modulus curves are shown in Fig. 6. The rate of creep at 1000
hours was neglipgable for most of the specimens that maintained load with=-
out failure.

From the measured deflection and with a given stress the Fleiural
Modulus can be found by using the Nomograph shown in Fig. 7.

Cost of Materials As Of June 20, 1956

(a) Wet lay-up process
1. Polyester (P-L%)

181 cloth 51.10/86;.}’6.9 o
Resin (LOg/#) .08/5q.yds N

. $1.18/sq.yd. (cloth & resin)
2. Epoxy {Fpon 828)

181 cloth $1.10/5q. yd. S
Resin (31/#) olgf SQlyd. \‘\

$1.29/sq.yd. {cloth & resin)

(b} Pre-preg lay-up process
1. Phenolic (BV-1708% by
Impregnated 181 cloth/sq.yd. $2/sq.yd. (cloth & resin)

2. Fpoxy (ﬁlGOE) .
Impregnated 181 cloth/sq.yd. $3.50/8q.yd. {cloth & resin)’
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Effect of Freon 12 Atmosphere on Blade Materials

Since fan blades for the converted 19-foot tunnel will operate in a
Freon-12 atmosphere at 155° F., the effects of Freon-12 at 155° F. on glass
cloth laminates made with Fpon 828~"RP-7", Epon 828-%Z", P-L9, BV-17085,
and Scotchply #1002 were investigated. ;

Specimens of the above materials were mounted as simple beams inside
a 9-inch diameter steel cylinder. Each specimen was loaded in bending to
15,000 psi by a lead weight suspended from a knife edge at the center of
the specimen. Also a block of "Strux" and an adhesive joint made with "Eron
8" were placed in the cylinder. The cylinder was capped and then was
evacuated to 1/2-inch of mercury and Freon-12 introduced until the internal
pressure reached 15 psi. The temperature of the Freon was raised to 1550 ¥,
by heating coils inside the cylinder.

All the specimens showed no damage at the end of 1000 howrs.
Fatigue Strength of Laminates Subjected to Axial Loading

EFiberglass laminates are essentially "dead" materials; that is, they
willidamp out vibrations in a few cycles as corpared to a resonant material

- such as steel or aluminum which will sustain a vibration for Hany eveles.

This property of damping capacity is measured by the Logarithmic Decrement
of the material which is the natural logarithm of the ratio of the ampli~
tudes of two successive vibrations of constant frequency after the initial
stirmulus has been removed. The logarithmic decrement for one sarple
Polyester blade in the downstream fan of the B-foot transonic tunmel is
0.605 with the blade clamped at the socket and the logarithmic decrement
for the wooden blade adjacent to the plastic blade is 0.12. This indicates
that even with operation of the plastic blades at a resonent condition
(fréquency ratic of 1) no large amplitudes or vibratory stresses should be
built up. -
f A series of tests were made on Phenolic, Polyester, and Epoxy laminates
to determine the endurance limit at 250° F. Specimens as shown by Fig. 1B
were stressed in tension to a mean stress of 10,000 psi and an altermating
stress superimposed on the mean stress. These specimens were run under
these conditions to failure and the cycles recorded. The terperature of
the specimens was maintained at 240° F. by heat lamps on both sides of the
specimen which were controlled from thermocouples located adjacent to the
specimen. g

Summary of Fatigue Tests

Termperature - 2L0° plus or minus 5°

Shape of Specimen - hour glass - min cross section 1" x .0B88"
Mean Stress all Tests -~ 10,000 psi

Load applied at 1800 c.pom.
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Material Specimen Alternating Life Comments
No. Stress (psi) {eycles)
Phenolic 1 2,000 42,558,000 Did not fail at this stress.
(8v-17085) 1 4,000 1,135,000 Same specimen with stress
raised.
2 L, 000 2,977,000
3 3,000 1,615,000 Machine did not stop when
to 9,921,000 specimen failed.
Polyester 1 2,000 36,705,000 Did not fail at this stress.
(P=1s9) 1 1, 000 89,000 Same specimen with stress
raised.
2 4,000 153,000 Machine did not stop when
to 7,332,000 specimen failed.
3 4,000 17,986,000
L 3,000
5 9,000 6,000
6 6,000 39,000
Epoxy T T, 000 Ty 362 5000
(828-n7Zm) 2 3,000 151,000,000 Did not fail
e e 3o 9000 T T anoe i
k 6,000 115,000

In view of the above resulis and considering the fact that the mean
stress in wind tunnel fan blades is in the order of L0O0O psi and since the
material shows excellent damping leading to low vibratory stresses, it was
concluded that fatigue was not a significant factor as long as the mean

stress and alternating stress each do not exceed [J0NO psi.
for Polyester (P-L9) and Epoxy (Epon 828-"2") is shown by Fig. 8.

An S-N curve
The S-N

curve shown on Fig., 8 for a mean stress of LODO psi can be used as a design
guide for wind tunnel fan blades to prevent fatigue failures.

Swmmary of Results

In conclusion it appears that fiberglass reinforced plastic laminates
made with Epoxy (Epon 828 with Metaphenalene Diamine hardener), Phenclic
(BV-17085), and Polyester (P-L9) can all be used to make satisfactory wind

tunnel fan blades operating at temperatwes up to 2500 F.

The following

factors are involved in arriving at a safe 1000 hour operating limit for

these materials:

and defect factor.

notch factor, temperature factor, creep rupture factor,

The allowable design stress in tension at 250° F. for 1000 hourg life
{notch factor) x (temperature factor) x (ereep
rupture factor) x (defect factor based on 12% deep wrinkle) x (short time
wltimate tensile strength at 77° F.) '

without failure equals:



-13 =

For Polyester (P-49) = (.?6) (96.5) (+57) (.79) (L5,000) = 13,700 psi
For Epoxy (828-"2P-7") = (.70) (.85} (.77) (.79) (L5,000) = 16,300 vsi
For Phenolic (BV-17085) = (.70) (.88) (.67) (.79) (L2,000) = 13,700 psi

In the writers opinion, the Epoxy material is superior to the others
tested for use in the manufacture of wind tunnel fan blades.  The Epoxy

materials give the highest allowable design stress, absorb less moisture,
and have superior peel and interlaminar shear strength.

= . C. ‘é{fl‘] a4
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Epozz

Phenolie

Pnlxester

Resin #

828 (Metaphen~
alene Diamine)

BY-17085

P-L9

Cloth # & Finish

#181 Volan A

#158) Y-1100

#181 Volan A

BOore o3

Short Time

77°F

52,000

42,000

145,000

Tltimate
{psi)

2LO°F

L5,250

37,000

43,500

1000 Hour
Tltimate
(psi)

2500F

25,000

25,000

25,000

Short Time
Ultimate

(psi)

250°F

Lo,7h0

k2,600

35,100

1000 Hour
Ultimate

(psi)

i
H
£
¢
b
<

KO

2500F |

35,000

30,000

18,000

Initial

Modulus of
Elasticity
(1000 psi)

250°%F

2,120

2,Lh0

2,160

Interlaminar
Shear (psi)

77°F

2,750

2,350

2,340

A | Endurance
Limit

@ 250°F in
Cycles
10,000 psi
Mean EStress
3000 psi
Altemating
Stress

151.0 x 10°
(d;d not fail)

1.615 x 105

to

9.921 x 106

{

86,75 x 10°°

i

10,000 psi
Mean Stress
LO00 psi
Alternating
Stress

O Rt P ] @ b

7.362 x 106

i

i

17.986 x 106 1

10,000 psi
Mean Stress
6000 psi
Alternating
Stress

1.15 x 10°

10,000 pai
Mean Stress
9000 psi
Alternating
Stress
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